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UNIVERSAL LEAD FRAME FOR
MICRO-ARRAY PACKAGES

BACKGROUND OF THE INVENTION

The present invention relates generally to the packaging of
integrated circuits 1n micro-array style packages.

There are a number of conventional processes for packag-
ing integrated circuits. Many packaging techniques use a
leadirame that has been stamped or etched from a metal
(typically copper) sheet to provide electrical interconnects to
external devices. One relatively recently developed packag-
ing style, which 1s sometimes referred to as a leadirame based
micro-array package 1s generally illustrated in FIG. 1. In a
micro-array package, the leadirame typically includes an
array ol contact posts 22 that are exposed on the bottom
surface of the package and lead traces 24 that may or may not
be exposed at the bottom surface of the package. A die
mounted on the lead frame 1s wire bonded (or otherwise
clectrically connected) to the lead traces, which serve as
clectrical connectors between the bonding wires and the con-
tact posts 22. Often the micro-array package will also have a
die support structure 26 that supports the die.

Micro-array packages have a number of potential advan-
tages. For example, they are relatively low cost, they may be
configured to be pin compatible with conventional BGA
packages and they allow a relatively large number of contacts
for a given package size. Also, since the lead traces permuit
“routing” of signals to contact pads located under the die, a
package with a relatively smaller footprint may be used for a
given die size and pin count as compared to many other
leadirame based packages.

Some micro-array packaging approaches have dispensed
with the lead traces and formed contact posts or pads that can
be directly wire bonded to. By way of example, U.S. Pat.
Nos., 6,683,368; 6,689,640; and 6,812,552 disclose such
approaches. In these approaches, the lead frame 1s typically
partially etched 1n order to define the contact pads that are
supported by a thin connecting sheet that remains due to the
partial etching. Dice are then mounted on and electrically
connected to the lead frame and an encapsulant 1s molded (or
otherwise dispensed) over the dice to form approprate pack-
age structures. After the molding, the connecting sheet 1s
ctched away thereby leaving the contact pads exposed on the
bottom surface of the package.

Given their many advantages, micro-array packages in
general have recently generated a great deal of interest within
the semiconductor industry. Although existing techniques for
fabricating micro-array leadirames and for packaging inte-
grated circuits using micro-array leadirame technology work
well, there are continuing etforts to develop even more effi-
cient designs and methods for packaging integrated circuits
using micro-array leadiframe technology.

SUMMARY OF THE INVENTION

To achieve the foregoing and other objects of the invention,
methods of forming micro-array packages are disclosed. In
one arrangement, a conductive panel 1s patterned to include at
least one two dimensional array of contact posts. The pat-
terned lead frame 1s then secured to an adhesive carrier. With
the adhesive carrier in place, at least some of the contact posts
are 1solated to form a multiplicity of electrically and physi-
cally 1solated contacts that are supported by the carrier. After
the contacts have been 1solated, dice are mounted on and
clectrically connected to a number of associated contacts. The
dice and portions of the contacts are then encapsulated 1n a

5

10

15

20

25

30

35

40

45

50

55

60

65

2

manner that leaves at least bottom portions of the contacts
exposed to facilitate electrical connection to external devices.

The encapsulant then serves to hold the contacts in place after
the carrier has been removed.

The contact posts may be 1solated by any of a number of
techniques including punching, etching, sawing, laser cut-
ting, etc. The conductive panel may take any of a variety of
appropriate forms including, for example, a lead frame strip
or panel, a conductive foil, or a conductive sheet.

In some embodiments, a plurality of dice are mounted 1n
cach two dimensional array of contact posts so that a plurality
ol separate semiconductor packages are formed over each
two dimensional array of contact posts.

In some embodiments, the encapsulation 1s done using a
molding process. Each semiconductor package may be indi-
vidually molded, or an encapsulant cap may be formed over
cach two dimensional array of device areas. In arrangements
where group molding 1s done, the encapsulant cap 1s then cut
to singulate the semiconductor packages.

In a separate aspect of the mvention, a multiplicity of
contacts are stamped or otherwise cut from a conductive
sheet. A stencil 1s then used to positioning the contacts on an
adhesive carrier so that a multiplicity of electrically and
physically 1solated contacts are supported by the carrier. A
plurality of dice are mounted on the carrier (either directly on
the carrier or on some of the 1solated contacts) and electrically
connected to a plurality of associated contacts. After the dice
have been positioned and electrically connected, the dice are
and portions of the contacts are encapsulated while leaving
bottom portions of the contacts exposed to facilitate electrical
connection to external devices. With this arrangement, the
encapsulant serves to hold the contacts 1n place after the
carrier has been removed.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention, together with further objects and advan-
tages thereol, may best be understood by reference to the
following description taken 1n conjunction with the accom-
panying drawings in which:

FIG. 1 1s a diagrammatic top view of a conventional micro-
array leadframe;

FIG. 2(a) 1s a diagrammatic top view of a carrier strip
suitable for use 1n one embodiment of the present invention;

FIG. 2(b) 1s a diagrammatic side view of the lead frame
carrier strip of FIG. 2(a) taken along line 2(5)-2(b) of FIG.

2(a);

FIG. 3 1s a diagrammatic top view of the carrier strip
illustrated 1n FIG. 2(a) after dice have been mounted on the
strip;

FIG. 4 1s a diagrammatic side view of the carrnier strip

illustrated 1n FIG. 3 after dice have been electrically con-
nected to the contact pads;

FIG. 5 1s a diagrammatic side view of the carrnier strip
illustrated in FIG. 4 after dice encapsulation;

FIG. 6 1s a diagrammatic side view of a packaged inte-
grated circuit in accordance with an embodiment of the
present invention;

FIGS. 7(a)-7(e) 1llustrate a series of steps in accordance
with one method of forming of the carrier strip illustrated 1n
FIG. 2(a);

FIGS. 8(a)-8(e) 1llustrate a series of steps in accordance
with a second method of forming of the carrier strip illustrated

in FIG. 2(a).
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It 1s to be understood that, 1n the drawings, like reference
numerals designate like structural elements. Also, it 1s under-
stood that the depictions 1n the figures are diagrammatic and
not to scale.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention relates generally to the packaging of
integrated circuits 1 micro-array style packages. Referring
mitially to FIGS. 2(a) and 2(b), a carrier panel 100 1n accor-
dance with a first embodiment of the invention will be
described. In this embodiment, the panel 100 includes a car-
rier tape 102 that supports a multiplicity of contacts 110. A
leadirame 120 1s provided to give the panel structural rigidity.
In the 1llustrated embodiment, the leadframe includes rails
122 that extend around the periphery of the carrier tape 102
and cross bars 125 that divide the panel 1nto a plurality of
sections 105. However, 1t should be appreciated that the
crossbars may be eliminated 11 a suificiently rigid structure 1s
provided. Indeed, even the rails could potentially be elimi-
nated 1f a suificiently rigid carrier tape 1s used. The contacts
110 (which may be punched from the leadirame 120) are held
in place by an adhesive on the carrier tape 102 such that the
contacts 110 are physically and electrically 1solated from one
another. As will be described in more detail below, the con-
tacts can be positioned on the carrier tape i a variety of
manners.

In the 1llustrated embodiment, the carrier panel 100 1s
arranged as a strip having three sections 105, with each sec-
tion 105 having a two-dimensional arrays of contacts 110
positioned thereon. The strip format 1s similar to a leadframe
strip and has the advantage that once the contacts are posi-
tioned, conventional leadless leadirame or micro-array lead-
frame handling equipment may be used to complete the pack-
aging of the integrated circuits. However, 1t should be
appreciated that panel may have a wide variety of geometries
and 1s not limited to strip type configurations. Additionally,
the number of sections 1n a panel may be widely varied from
one to many.

After the contacts have been positioned, a plurality of dice
are mounted on the panel (and particularly on some of the
contacts 110) as illustrated 1n FIG. 3 using conventional die
bonding techniques. By way of example, a non-conductive
die attach film or epoxy may be used to secure the die to 1ts
underlying contacts. Any number of dice may be mounted in
each section. In the 1llustrated embodiment, several dice 130
are mounted 1n each section, although it should be appreci-
ated that 1n alternative embodiments, a single die may be
mounted 1n each section. Although the dice 130 are shown as
being mounted on some of the contacts, it should be appreci-
ated that in alternative embodiments, open regions (not
shown) could be provided on the carrier tape by eliminating
some of the contacts to permit the dice to be mounted directly
on the carrier tape. This arrangement 1s diagrammatically
illustrated in the far right device area of FIG. 5.

After the dice 130 have been mounted on the panel 100,
they are electrically connected to associated contacts 110 by
wire bonding or other suitable electrical connection tech-
niques. When wire bonding 1s used, bonding wires 1335 couple
the dice to their associated contacts 110 as best illustrated in
FIG. 4.

Once the dice 130 have been electrically connected to the
contacts 110, the dice are encapsulated using conventional
encapsulation techniques such as molding, dispensing or the
like. As best illustrated 1in FIG. §, the encapsulant 140 1s
delivered with the carrier tape 102 1n place so that the encap-
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4

sulant covers the bonding wires 135, the active surfaces of the
dice 130 and the fills the gaps between adjacent contacts 110.
Since the bottom surfaces of the contacts adhere to the carrier
tape 102 during encapsulation, the encapsulant does not cover
the bottom contact surfaces. Therefore, when the carrier tape
1s removed, the bottom surfaces of the contacts are exposed
and substantially co-planar with the bottom surface of the
encapsulant and resulting package.

After the dice have been encapsulated, the packages may
be tested in panel form at any time because the contacts are
inherently physically and electrically isolated from one
another. Additionally, any other desired panel based packag-
ing steps can be performed.

The dice may be individually molded or group molded.
When group molding, an encapsulant cap may be formed
over a plurality of dice (as for example all of the dice within
a section). If the dice are individually molded, they may
readily be separated into individual packages simply by
removing the carrier tape. I the dice are group molded, they
may be separated into individual packages using conven-
tional singulation techniques such as sawing, laser cutting
and the like.

In some implementations, it may be desirable to form
solder bumps on the contact pads. This can be accomplished
in panel form by placing a second tape on the top surface of
the molding material and removing the carrier tape to expose
the contacts 110. The contacts are then bumped using con-
ventional solder bumping techniques.

A resultant package 1s 1llustrated 1n FIG. 6. As seen therein,
the package 200 includes a die 130 that 1s physically secured
to a number of underlying contacts by a nonconductive die
attach tape 148. The die 130 1s electrically connected to a
plurality of electrical contacts 110 by bonding wires 135. An
encapsulant 154 encapsulates the contacts 110, the die 130
and the bonding wires 1335 while leaving bottom surfaces of
the contacts 110 exposed. Solder bumps 158 may be provided
on the contacts 110 1f desired. In the 1llustrated embodiments,
some of the contacts are electrically active (e.g., contacts
110(a)), whereas the contacts under the die (e.g., contacts
110(5)) simply act as thermal conductors which help transfer
heat away from the die. Of course, 1n other implementations,
the contacts under the die could be electrically connected to
110 or ground pads formed on the bottom surtace of the die.
In many implementations, all of the contacts 110 would have
solder bumps. However, as 1llustrated 1in FIG. 6, that 1s not a
requirement.

A variety of methods may be used to form the contacts and
positioning the contacts. Generally, a conductive sheet 204 1s
initially provided as illustrated 1n FIG. 7(a). The conductive
sheet 204 may be formed from any suitable conductive mate-
rial such as a standard strip-form copper lead frame blank.
Generally, a number of contacts 110 are formed from the
conductive sheet and placed on the carrier tape 102. As will be
appreciated by those familiar with the art, 1t 1s typically desir-
able to plate the contacts with a material that adheres better to
solder and the bonding wires than copper. Although not
required, 1t 1s generally preterable to do the plating before the
contacts are 1solated from the lead frame strip.

To accomplish the plating, masks are applied to each side
of the strip 204 to define a number of opposing openings that
will define the size of the resulting contacts 110. The openings
are then plated with a suitable plating material 208 such as a
Ni1/Pd/Au plating stack and the mask is stripped away. A
suitable resultant structure is illustrated in FIG. 7(b). The
plating layer helps prevent oxidation of the copper and pro-
vides a better adhesion surface for solder and the (typically
gold) bonding wires.
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It would be possible to eliminate the masking step and plate
both surfaces of the conductive sheet. However, since most
satisfactory plating matenials are relatively expensive, 1t 1s
typically undesirable to waste too much plating material. Of
course, 1n other embodiments, 1t may be desirable to elimi-
nate the plating entirely.

After the plating has been completed, the contacts 110 (and
if desired the leadirame rails and bars 122, 125) are 1solated
using any of a number of suitable techniques. By way of
example, the conductive strip may be stamped, punched or
ctched to form a multiplicity of contacts 110 (sometimes
referred to herein as contact “coins”) together with any
desired bars and rails. When etching, 1t may be desirable to
ctch both the sides of the conductive sheet, although this 1s not
a requirement.

Stamping or punching may be accomplished in a vaniety of
manners. In some embodiments the coins 110, rails 122 and
bars 125 may be stamped together from a lead frame strip in
a manner such that they are pressed directly onto the carrier
tape 102 during the stamping operation. In such an embodi-
ment, suitable sized and shaped anvils and punches may be
used to facilitate the stamping.

However, as can best be seen 1 FIG. 2(a), 1n a typical
application, much of the metal material from the lead frame
blank used as the conductive sheet 204 in the just described
punching 1s effectively wasted. Therelore, 1n another punch-
ing approach, the contact comns 110 can be separately
punched from a conductive sheet 1n a manner that more etfi-
ciently utilizes the matenal in the conductive sheet. That 1s,
the contact coins 110 can be punched at a much closer spacing
than will be used on the carrier. For example, the contact coins
can eflectively be punched from regions of the conductive
sheet that are immediately adjacent one another. The contact
coms 110 are then collected and placed on the tape in a
separate operation.

By way of example, as illustrated in FI1G. 7(d), a stencil 275
may be used to position the contact coins. In this arrangement
the stencil 275 1s placed 1n a vibration box (not shown) or
other suitable hole-filling device. The thickness of the stencil
may be thinner than the thickness of the contact coins 110, so
that only one contact coin 110 can be held 1n any stencil
opening. Once the contact coins 110 are vibrated into position
(or otherwise positioned 1n the stencil), the carrier 102 may be
pressed 1nto contact with the contacts as 1illustrated 1n FIG.
7(e), so that the contacts are firmly held 1n place by the carrier.
This approach has the advantage of more efficiently using the
material 1 the conducting sheet. An additional advantage of
this approach 1s that it may eliminate the need to mask the
conductive sheet before plating. It should also be appreciated
that when such an arrangement 1s used, the lead frame bars
122 and rails 125 do not need to be created from each con-
ductive strip. Rather, a separate reusable carrier support frame
may be utilized to provide structural support to the carrier
tape. The carrier support frame may have the same general
geometry as the rails and bars of the lead frame discussed
above.

Referring next to FIGS. 8(a)-(e), another method of posi-
tionming contacts on a carrier will be described. In this embodi-
ment a conductive sheet (which again, may take the form of a
blank lead frame strip or panel 304 as shown 1n FIG. 8(a)) 1s
masked (e.g., by mask-307) and partially etched 1n a manner
that defines a number of 1slands 310 as best seen 1n FIG. 8(b).
The sheet 1s etched suiliciently so that only a very thin con-
necting piece 309 remains to support the 1slands 310. In the
illustrated embodiment, the conductive sheet 1s etched from
both sides, although this arrangement 1s preferred 1n many
applications, 1t 1s not a requirement.
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After the 1slands have been defined, the etching mask may
be removed and the 1slands may be plated as shown in FIG.
8(c). As described above, 1t 1s typically desirable to mask the
lead frame panel 304 prior to plating so that the plating
material 1s not overly wasted. Once the 1slands 310 have been
plated, the lead frame 1s placed on an adhesive carrier 102 as
illustrated 1n FIG. 8(d). After the lead frame panel has been
placed on the adhesive carrier, the connecting sheets are sev-
ered to 1solate the 1slands 310, thereby forming the desired
contacts 110. The lead frame strip 304 1s originally etched so
that the relative spacing of the 1slands 310 1s exactly the same
as the desired spacing of the resulting contacts. Therefore,
once the 1slands have been severed apart, the contacts are
positioned 1n their desired location on the tape.

Although only a few embodiments of the invention have
been described 1n detail, 1t should be appreciated that the
ivention may be implemented in many other forms without
departing from the spirit or scope of the invention. In several
of the illustrated embodiments the conductive sheet from
which the contacts 110 are formed takes the form of a con-
ventional metal lead frame (which may be formed from a
variety of materials including copper, copper alloys and other
suitable metals and materials). The use of lead frame strip
s1zed panels has the advantage of being inherently compatible
with existing packaging equipment. However, in other
embodiments, generally thinner conductive sheets or even
metal foils, may be used to create the contacts. Additionally,
the geometry of the conductive panels may be widely varied.

In the embodiments shown, the contacts 110 are substan-
tially circular. However, 1t should be appreciated, that the
geometry of the contacts can be widely varnied. For example,
they may be substantially square, hexagonal, octagonal, rect-
angular or any other desired shape. Similarly, 1n some of the
illustrated embodiments, lead frame rails and bars are pro-
vided to give structural support to the carrier tape. It should be
appreciated that the geometry, configuration, width and/or
length of the lead frame support structures may be widely
varied and that when a self supporting carrier 1s used, they
could even be eliminated.

Therefore, the present embodiments are to be considered as
illustrative and not restrictive and the invention 1s not to be
limited to the details given herein, but may be modified within
the scope and equivalents of the appended claims.

What 1s claimed 1s:

1. A method of packaging semiconductor devices compris-
ng:

generating a multiplicity of loose separated solid contacts;

providing a stencil arranged with a plurality of openings

formed therein, the plurality of opemings configured 1n a
spaced apart arrangement, each opening sized to accom-
modate the placement of one of said loose separated
solid contacts;

providing an adhesive carrier having an adhesive treated

surface having a layer of adhesive material formed
thereon;

placing the previously formed multiplicity of loose sepa-

rated solid contacts 1nto the plurality of opemings of the
stencil to position the loose separated solid contacts in
the spaced apart arrangement corresponding to a desired
pattern of contacts;

adhering the loose separated solid contacts arranged 1n the

stencil onto the adhesive treated surface of the adhesive
carrier, thereby adhering the multiplicity of loose sepa-
rated solid contacts onto the adhesive treated surface in
said desired pattern of contacts supported by the adhe-
sive carrier:

removing the stencil;
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mounting a plurality of dice on the desired pattern of con-
tacts such that each die 1s mounted on a plurality of
contacts comprising the desired pattern of contacts;

wire bonding selected ones of the contacts comprising the
desired pattern of contacts to associated electrical con-
tact points of the die using wire connectors;

encapsulating the dice and portions of the contacts com-
prising the desired pattern of contacts with an encapsu-
lant while protecting bottom surfaces of the contacts
comprising the desired pattern of contacts from expo-
sure to said encapsulant, wherein the encapsulant tlows
between the contacts comprising the desired pattern of
contacts thereby holding the desired pattern of contacts
in place and encapsulating said wire connectors,
whereby a plurality of semiconductor packages are
formed.

2. A method as recited 1n claim 1, wherein the encapsula-
tion 1s done using a molding process.

3. A method as recited 1n claim 1, wherein the multiplicity
ol loose separated solid contacts comprising the desired pat-
tern ol contacts are adhered to the adhesive treated surface as
a plurality of two dimensional arrays of contacts and wherein
the plurality of dice are mounted 1n each two dimensional
array of contacts so that a plurality of separate semiconductor
packages are formed over each two dimensional array of
contacts.

4. A method as recited in claim 3, wherein an encapsulant
cap 1s formed over each two dimensional array, the method
turther comprising cutting the encapsulant cap to singulate
the plurality of separate semiconductor packages.

5. A method as recited 1in claim 1, wherein each semicon-
ductor package 1s individually molded.

6. A method as recited in claim 1, further comprising
removing the adhesive carrier from the encapsulated dice.

7. The method of packaging recited in claim 6 further
including depositing solder balls on an exposed bottom sur-
face of at least some of said contacts of the desired pattern of
contacts.
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8. The method of packaging recited 1n claim 1, wherein
said encapsulating the dice includes tlowing the encapsulant
between the separated contacts of the desired pattern of con-
tacts and underneath the die to encapsulate the die.

9. The method of packaging recited in claim 1, wherein
said removing the stencil further includes removing the sten-
c1l so that the multiplicity of solid contacts remain adhered to
the adhesive material of the carrier 1n said desired pattern of
contacts.

10. The method of packaging recited in claim 1, wherein at
least some of the multiplicity of loose separated solid contacts
are adhered onto the adhesive layer 1n said desired pattern of
contacts such that the desired pattern comprises a two dimen-
sional array of separated solid contacts and wherein said two
dimensional array of separated solid contacts 1s surrounded
by a structurally rigid frame that supports the separated solid
contacts and the adhesive carrier.

11. The method of packaging recited in claim 1, wherein at
least some of the multiplicity of loose separated solid contacts
are adhered onto the adhesive layer of the adhesive carrier so
that said desired pattern of contacts comprises a two dimen-
sional array of separated solid contacts and wherein said
adhesive carrier 1s sulliciently stiff as to support the solid
contacts and the die.

12. The method of packaging recited in claim 1, wherein
said generating the multiplicity of loose separated solid con-
tacts further includes the loose separated solid contacts com-
prising a layer of conducting material onto at least one of top
or bottom surface of the loose separated solid contacts.

13. The method of packaging recited in claim 1, wherein
said adhering the loose separated solid contacts on the adhe-
stve treated surface of the adhesive carrier comprises filling
all of the openings of the stencil with loose separated solid
contacts and then adhering them to the adhesive carrier all at
once.
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